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ﺺﺨﻠﻤﻟﺍ
ﺕﺎﺑﺎﻬﺘﻟﻻﺍﻭﻱﺮﻜﺴﻟﺍﺪﺿﻊﺳﺍﻭﻞﻜﺸﺑﺔﻣﺪﺨﺘﺴﻤﻟﺍﺕﺎﺟﻼﻌﻟﺍﻚﻠﺗﻦﻣﺍﺪﺣﺍﻭﻡﻮﺜﻟﺍﺮﺒﺘﻌﻳﻭ.ﻱﺮﻜﺴﻟﺍﺽﺮﻣﺝﻼﻌﻟﺔﻴﺒﺸﻌﻟﺍﺕﺎﺟﻼﻌﻟﺍﻡﺍﺪﺨﺘﺳﺎﺑﺢﺼﻨﻳﻢﻟﺎﻌﻟﺍﻦﻣﺓﺮﻴﺜﻛﺀﺍﺰﺟﺃﻲﻓ:ﺔﻣﺪﻘﻣ.ﻲﻤﻠﻋﻢﻴﻴﻘﺗﻰﻟﺇﺝﺎﺘﺤﺗﻱﺮﻜﺴﻟﺍﺽﺮﻣﺝﻼﻌﻟﺔﻴﺒﺸﻌﻟﺍﺕﺎﺟﻼﻌﻟﺍﻚﻠﺗﺔﻣﻼﺳﻭﺔﻴﻟﺎﻌﻓﻦﻜﻟ،ﺎﻫﺮﻴﻏﻭﺯﻮﻛﻮﻠﺠﻟﺍﺾﻴﻔﺨﺗﻭﻞﺻﺎﻔﻤﻟﺍﺕﺎﺑﺎﻬﺘﻟﺍﻭﺔﻴﻣﻮﺛﺮﺠﻟﺍ
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S. Belemkar et al. 81Results: Rat everted intestinal sac experiment is mainly used to indicate glucose uptake. The mucosal disappearance, serosal
appearance and gut wall content of A. porrum at a dose of 2.5 mg/ml (65.12%, 40.81%, 22.34%), dose of 5.0 mg/ml (64.56%,
43.56%, 21.0%). Similarly A. sativum at a dose of 2.5 mg/ml (67.74%, 42.05%, 25.68%), dose of 5.0 mg/ml (65.97%, 43.11%,
22.86%), Insulin at a dose of 40 lm/ml (60.36%, 37.84%, 22.52%) respectively. Thus A. sativum and A. porrum showed significant
reduction in all the 3 parameters observed. Further A. porrum showed more potent action.
Keywords: Garlic; Glucose uptake; Rat intestinal sacs
 2013 Taibah University. Production and hosting by Elsevier Ltd. All rights reserved.Introduction
Diabetes mellitus is a metabolic disease due to high blood su-
gar levels and improper insulin secretion or both.1 There are
many complications associated with diabetes mainly neurop-
athy, retinopathy, arteriosclerosis, nephropathy, hypoglycae-
mia, ketoacidosis, etc.2 Food increases glucose intestinal
absorption in diabetes.3 There are a large number of herbal
remedies mainly used for diabetes such as Acacia arabica,
Allium cepa, Allium sativum, Aloe vera, Aloe barbadensis.
Not only herbs but also insulin and various oral hypoglycae-
mic agents such as glibenclamide, metformin, acarbose are
used to treat diabetes, but as a result of certain limitations
due to high cost and side effects like hypoglycaemia, weight
gain, gastrointestinal disturbances, liver toxicity, etc.4 In re-
cent years much research is focused on the development of
herbal medicines which offer exemplary source for drug dis-
covery.5 Garlic is one such herbal plant known as “lassan”
and its botanical name is A. sativum belonging to family Lil-
liaceae and is known by many other names in different parts
of India. Its Sanskrit name is Lashuna. The Bengali speaking
people call it as Rasun, Lasan in Gujarati and in Kannada its
name is Belluli.6 There are so many different species of garlic
based on the number of cloves. In A. sativum there are 10–12
cloves per bulb and Allium porrum is a single clove type of
garlic. A. porrum is widely used and more effective than the
A. sativum.7 Garlic contains 0.1–0.36% of a mainly volatile
oil and the pharmacological properties of garlic are mainly
due to the presence of its volatile oils. Garlic also contains
sulphur compounds including aliin, allicin, allylpropyl, dial-
lyltrisulphide, sallylcysteine, vinyldithiines, S-allyl mercapto-
cystein, and others. The sulphur compounds are the reason
for garlic’s pungent odour and many of its pharmacological
activities.8 Other than sulphur compounds it contains 17 ami-
no acids and their glycosides, arginine and others. Minerals
such as selenium and enzymes like allinase, peroxidases,
myrosinase and others are also present. Garlic is a rich source
of sulphur compounds. Aqueous and ethanolic extracts of
garlic shows a remarkable hypoglycaemic activity in experi-
mental diabetic rats.9–11 Garlic powder has antibacterial
activity and garlic oil has the cardio protective effect on iso-
proterenol induced myocardial infarction.12–14 Garlic is re-
ported to have fibrinolytic, blood pressure lowering and
anti-oxidant activity and anticancer activity.15–17 Rat everted
intestinal sac model is used for the study of glucose transport.
The active transport and fluid absorption of D-glucose across
everted intestinal sacs of rat were evaluated by measuring the
increase in concentration inside and outside the intestinal sacafter 30 min of incubation. Glucose was measured using an
auto analyser. The terms used for D-glucose transfer are
mucosal glucose transfer, serosal glucose transfer and gut glu-
cose uptake. Mucosal glucose indicates the amount of glucose
that disappeared from the mucosal fluid, while the serosal
glucose transfer is amount of glucose that entered the serosal
fluid. Gut glucose uptake is the difference in glucose concen-
tration between mucosal fluid after incubation.18,19 In the
present study, aqueous preparations of crude powder of both
types of garlic at different concentrations were used to inves-
tigate their effect on glucose transport across the rat everted
intestinal sac.
Materials and Methods
Collection of garlic
The garlic (A. sativum and A. porrum) used for the study was
purchased from the local market of Shirpur, Dist. Dhule,
Maharashtra, India.
Preparation of garlic powder
Fresh peeled garlic cloves (100 g) of both A. Sativum and
A. porrum were dried in hot air oven at a temperature main-
tained at 55 ± 2 C for 7–8 days. After complete drying the
material was powdered.
Preliminary phytochemical analysis
Preliminary phytochemical screening was performed to iden-
tify the chemical constituents. Garlic mainly contains the sul-
phur components so the sulphur test was carried out.
Sulphur test
The peeled garlic cloves were cut into small pieces (10 g) and
added 10 ml of 1 N sodium hydroxide and 10 ml of water.
The test solution is heated for 10 min cooled and filtered.
Addition of a few drops of sodium nitroprusside solution to
the filtrate shows a red-orange colour indicating the presence
of sulphur component.20
Physicochemical analysis
Physicochemical analysis of garlic powder of both types was
performed.20
82 Garlic role on glucose uptakeLoss on drying
About 1 g of garlic powder was heated at 100–105 C in a hot
air oven. After getting a constant weight, percentage loss on
drying was calculated with reference to the initial weight of
powder.
Total ash
Powdered drug (2–5 g) was taken in a silica dish and inciner-
ated at temperature not exceeding 450 C until free from car-
bon, cooled and weighed. Total percentage of ash with
reference to the air dried drug was then calculated.
Acid insoluble ash
Total ash obtained was boiled for 5 min with 25 ml of dilute
hydrochloric acid, the insoluble matter was collected in a
Gooch crucible with ashless filter paper, washed with hot water
and ignited to constant weight. Percentage of acid insoluble
ash was then calculated with reference to the dried drug.21–23
Thin layer chromatography
Garlic powder was analysed for the presence of chemical con-
stituents using thin layer chromatography. Test solution was
prepared using 1 g of garlic powder dissolved in 5 ml of meth-
anol and spotted on TLC plates. Reference solution was pre-
pared using 5 mg of alanine in 20 ml of methanol and
diluted with distilled water. A mixture of glacial acetic acid:
propanol:water:ethanol (20:20:20:20) was used as a mobile
phase and ninhydrin reagent was used as spraying reagent.20
Chemicals and solvents
All solvents used are of analytical grade, methanol, ethanol,
glacial acetic acid, potassium dihydrogen phosphate, magne-
sium sulphate, sodium chloride, calcium chloride, potassium
chloride, glucose, propanol, ninhydrin reagent were obtained
from Labchem Pvt. Ltd. Mumbai, India. The glucose oxidase
kit was purchased from Transasia Biomedical Ltd. India.
Animals
Adult healthy albino Wistar male rats weighing about 180–
220 g were used in this experiment. The animals were housed
under the standard conditions of temperature (22 ± 2 C),
humidity (40–60%) and 12 h light and dark cycle. Animals
were provided with free access to a standard diet of food pel-
lets supplied by Nav Maharashtra Chakan oil mill Ltd., Pune
and water ad libitum. The rats were fasted for 12 h prior to
their use in the experiment. The animals were used in accor-
dance with the principles and guidelines of CPCSEA. Ethical
clearance was taken from IAEC prior to experimentation
(SPTM-IAEC/Oct-10/02/012).Table 1: Physicochemical constants of Allium sativum and Allium por
Physicochemical properties Obtained value
Allium sativum (%) Allium porrum
Loss on drying 3.56 4.21
Ash value 3.44 3.23
Acid insoluble ash 0.74 0.56Dose determination study
Dose determination study was performed in order to find the
lowest inhibitory concentration of dose dependent relationship
of garlic species. Graded concentrations (1.5–6 mg/ml) of
A. sativum and A. porrum were incubated with the intestinal
segments of mucosal solution in rat everted intestinal sac
experiment.
Experimental method
Induction of diabetes
Type II diabetes was induced in a batch of normoglycaemic
albino rats starved for 12 h by injecting 150 mg/kg body
weight of alloxan monohydrate intraperitoneally, dissolved
in physiological normal saline. Alloxan is capable of produc-
ing fatal hypoglycaemia as a result of the massive pancreatic
insulin release, rats were treated with 20% glucose solution
orally after 6 h. For the next 24 h the rats were kept on
5% glucose solution in their cages to prevent hypoglycaemia.
Seven days after alloxan injection, rats with blood glucose
more than 250 mg/dl were considered as diabetic and in-
cluded in the study.24
Everted intestinal sac preparation
After overnight fasting rats were sacrificed immediately by cer-
vical dislocation and the full length small intestine was isolated
and transferred to normal saline at 5–10 C. The duodenal,
jejunal and ileum segments were separately cut into 10 cm long
length ones and placed in cold normal saline solution. Intesti-
nal segments (10 ± 2 cm) were everted according to the meth-
od described by Wilson and Wiseman (1954). In brief each sac
was made by tying one end of the segment, filling it with 1 mL/
10 cm (of the segment) of Krebs’ bicarbonate solution (which
contains the composition of: 120 NaCl, 4.5 KCl, 1 MgSO4
1.8 Na2HPO4, 0.2 NaH2PO4, 1.25 CaCl2 25 NaHCO3 and
5.5 glucose); all are measured in mmol quantity and the other
end was also tied. The wet sacs were immersed in a flask con-
taining 40 ml of Kreb’s solution and incubated in a shaker
bath (30 min, 37 C 40 RPM) and gassed with 95% O2 and
5% CO2. There are three groups in experiments: Control,
Standard and Test. The Control group had no treatment of
insulin on either side of sacs. In the standard group, insulin
(40 lm/mL) was added into the mucosal solution. In the Test
group, test drugs of concentrations 2.5 and 5 mg/ml of crude
powder of both types of garlic in distilled water were added.
Mucosal disappearance, serosal appearance and gut wall con-
tent were calculated. To measure mucosal fluid transfer, the
sacs were weighed at the beginning of the incubation period
before and after filling with the Kerb’s bicarbonate solution.
The sacs were again weighed at the end of the incubation per-
iod, the differences between the weights of the empty and filledrum.
Standard value
(%) As per USP As per Ayurvedic pharmacopoeia
Not more than 7% Not more than 1%
Not more than 5% Nor more than 5%
Not more than 1% Not more than 1%
Figure 1: Thin layer chromatography of different varieties of garlic
(Allium sativum and Allium porrum).
S. Belemkar et al. 83sacs indicated the amount of fluid at the stage measured.
Mucosal fluid transfer is calculated by the subtraction of the
glucose amount (volume multiplied by concentration) present
in the bathing solution at the beginning and after the comple-
tion of the incubation period. In the same manner serosal glu-
cose transfer was calculated by subtraction of the glucose
amount in the sacs at the beginning of the incubation period
for the glucose amount at the end of the same period. Glucose
level was determined using the auto analyser by GOD-POD
method.23–25Table 2: The effect of Allium sativum and Allium porrum on D-gluco
intestinal sacs of rat.
Sr. no. Group Dose D-glucose tran
Mucosal disap
1 Control – 71.21 ± 2.6
2 Allium sativum 2.5 mg/ml 67.74 ± 2.0 [
5.0 mg/ml 65.97 ± 2.3 [
3 Allium porrum 2.5 mg/ml 65.12 ± 2.1 [
5.0 mg/ml 64.56 ± 2.6 [
4 Standard insulin 40 lm/ml 60.36 ± 2.9 [
The results are expressed as means ± S.E.M. of five observations in each
the control experiment in parentheses. p< 0.05 statistically significant.Statistical evaluation
All data were expressed as mean ± S.E.M. for five intestinal
segments in each group. The difference between the mean va-
lue ± S.E.M. among the control and experimental groups was
calculated. Statistical analyses were performed using Excel
Microsoft 2000 software.
Results
Preliminary phytochemical screening
Preliminary phytochemical test of A. sativum and A. porrum
indicates presence of volatile oils, glycosides, amino acids, en-
zymes and sulphur components.
Physicochemical analysis
Table 1 shows the results of A. sativum evaluated for loss on
drying, ash value, acid insoluble ash (3.56%, 3.44%, 0.74%)
and for A. porrum they were found to be (4.21%, 3.21%,
0.56%) respectively.
Thin layer chromatography
Thin layer chromatography was performed for both the ex-
tracts. The retention factorof A. sativum found to be 0.34
and for A. porrum it was found to be 0.23 which are indicated
in Figure 1
Effects of A. sativum and A. porrum on transport of D-glucose
Dose determination study was performed using graded con-
centrations of garlic species (1.5–6.0 mg/ml). The effect of
A. sativum and A. porrum on D-glucose, fluid absorption
(mucosal disappearance) and transport (serosal appearance)
across everted intestinal sacs of rat are shown in Table 2. Dif-
ferent concentrations of A. sativum and A. porrum (2.5 and
5.0 mg/ml) were incubated in the intestinal segments in the
mucosal solution. Data obtained from the present investiga-
tion explain that A. sativum and A. porrum inhibit significantly
(p < 0.05) the active transport of D-glucose across rat entero-
cytes. It was found that increased concentrations of A. sativum
and A. porrum at 2.5 and 5.0 mg/ml in the mucosal solutionse, mucosal disappearance and serosal appearance across everted
sport (lM/g tissue wet wt.)
pearance Gut wall content Serosal appearance
25.55 ± 2.2 45.66 ± 2.3
4.86] 25.68 ± 1.5 [+0.50] 42.05 ± 1.5 [7.90]
7.35] 22.86 ± 1.4 [+10.52] 43.11 ± 1.8 [5.68]
8.55] 22.34 ± 2.9 [+12.56] 40.81 ± 2.8 [10.62]
9.33] 21.0 ± 2.4 [+17.80] 43.56 ± 2.4 [4.56]
15.23] 22.52 ± 2.4 [+11.85] 37.84 ± 3.5 [17.12]
group. % inhibition () or stimulation (+) of transport compared to
84 Garlic role on glucose uptakesignificantly decreased the absorption as well as the transport
across the rat intestine. However, D-glucose concentration
accumulated or metabolized by the enterocytes (gut wall
content) was higher (p < 0.05) than those of the control exper-
iment groups. The percentage increase in D-glucose accumu-
lated in the gut wall increased for A. sativum (2.5 mg/ml)
+0.50% and (5.0 mg/ml) +10.52% in the mucosal solution.
Similarly for A. porrum it increased (2.5 mg/ml) +12.56%
and (5.0 mg/ml) +17.80% in the mucosal solution respec-
tively. The percentage inhibition of D-glucose transported to
the serosal solution for A. sativum were (2.5 mg/ml) 7.90%
and (5.0 mg/ml) 5.68%. Similarly for A. porrum they were
(2.5 mg/ml) 10.62 and (5.0 mg/ml) 4.56%. The percentage
inhibition of D-glucose transported to the mucosal solution
for A. sativum were (2.5 mg/ml) 4.86 and (5.0 mg/ml)
7.35%. Similarly for A. porrum they were (2.5 mg/ml)
8.55% and (5.0 mg/ml) 9.33%. The D-glucose absorption
along with transport was significantly (p < 0.05) inhibited at
2.5 and 5.0 mg/ml of A. sativum and A. porrum compared to
the control experiment groups. A. porrum was found to be
more potent than A. sativum on glucose uptake in diabetic rats.Discussion
Allium vegetables such as garlic A. sativum and A. porrum have
been used for medicinal purposes. The known health benefits
of allium vegetable constituents include cardiovascular effects,
improvement of the immune function, lowering of blood glu-
cose level, radioprotection, protection against microbial infec-
tions, and anti-cancer effects.26 One-third of diabetic patients
take alternative medications that they consider efficacious, of
which garlic is the most commonly used. The number of stud-
ies of the hypoglycaemic effect of garlic is limited.27 In-vivo
preclinical studies performed to investigate the effect of garlic
oil and its constituent diallyl trisulphide on glycaemic control
in rats with streptozotocin-induced diabetes conclude that gar-
lic oil and diallyl trisulphide improve glycaemic control in dia-
betic rats through increased insulin secretion and increased
insulin sensitivity.28 In-vitro studies were undertaken to find
out the effect of garlic and banana on glucose uptake in
3T3-L1 cells, erythrocyte sorbitol accumulation and protein
glycation.29 In-vitro effects of the garlic oil on platelet aggrega-
tion (PAg) and eicosanoid metabolism were investigated which
shows that garlic oil and their paraffinic polysulphides showed
antiplatelet activity, and also inhibited platelet thromboxane
formation.30 Clinical studies were performed to investigate
the effect of garlic (A. sativum) on blood lipids, blood sugar,
fibrinogen and fibrinolytic activity in patients with coronary
artery disease.30
The preliminary phytochemical and physicochemical evalu-
ations could be used as the diagnostic tools for the standardi-
sation of medicinal plants. The preliminary photochemical test
of A. sativum and A. porrum was performed which reveals the
presence of glycosides, amino acids, enzymes and sulphur com-
ponents. Various physicochemical parameters were evaluated
for loss on drying, total ash value, acid insoluble ash value
all the parameters are comparable with standardised values.
The effects of allium vegetables are attributable to organosul-
phur compounds (OSCs), which are released from the
vegetables upon their processing (mincing, chewing etc). The
c-glutamyl-S-alk(en)yl-L-cysteines are the primary sulphurcompounds intact in allium vegetables. Alliin is the odourless
precursor of the OSCs and naturally accumulates during stor-
age of the allium vegetables. Diallyl disulphide (DADS) and
diallyl sulphide (DAS) are the major metabolites found in gar-
lic oil and have been reported to lower cholesterol and prevent
cancer.31 To confirm the active chemical constituents present
in garlic thin layer chromatography was performed. TLC of
A. sativum and A. porrum indicated the presence of active
chemical sulphur components such as diallyl disulphide, diallyl
sulphide, aliin and allicin. Everted (gut) intestine of rat is a
suitable in vitro model for the study of intestinal transference
of nutrients and drugs and has been widely used.32,33 It is well
known that small intestine possesses an energy-dependent
transport process system by means of which glucose and cer-
tain other sugar substances can be absorbed against the con-
centration gradient. The results from present study showed
that A. sativum and A. porrum inhibited the transport of ac-
tively transported sugar, and fluid. The concentration of D-glu-
cose accumulated in the rat intestine increased significantly in
the presence of A. sativum and A. porrum. The fate of glucose
retained within intestinal wall is difficult to quantify since glu-
cose is rapidly metabolized by enterocytes. It is important that
A. sativum and A. porrum reduced both mucosal disappearance
and serosal appearance of glucose, which may reflect a de-
crease in the solute transfer at both the mucosal and serosal
boundaries. Accordingly it is possible that the observed inhibi-
tion of glucose transport by A. sativum and A. porrum is due to
some of the increased utilisation of glucose by the gut wall and
this resulted in reduction of glucose transported into the sero-
sal solution. The study shows that glucose transportation
inhibited by A. sativum across everted intestinal sac was less
inhibited than A. porrum. Mucosal disappearance found in
the A. porrum group was comparable to that of the insulin
treated group. Furthermore it is also possible that the bioac-
tive photochemical components are present in the aqueous
preparation of garlic which may alter the glucose transport to-
wards the intestine. A. porrum thus was found to be more po-
tent than A. sativum and this is due to higher amount of the
phytochemical constituents present in A. porrum. So from this
study we can conclude that A. porrum is more potent than
A. sativum on transport of glucose across the intestine.
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